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Abstract 
This work deals with evaluations of different possible cost-effective small-scale combined heat and power (CHP) 
solutions based on biomass for the Norwegian market. Many CHP technologies and systems exist and can easily be 
proposed as candidates for introduction and/or widespread use in the Norwegian market. However, today they may be 
far from cost-effective given the current energy market and framework situation. These constraints can, however, 
change relatively fast. Hence, it is important to evaluate the feasibility of small-scale CHP technologies and systems 
in this perspective. What will the most promising small-scale CHP technologies based on biomass be in the near to 
medium term future? What are the limiting factors? What can be done to speed up the introduction of small-scale 
CHP solutions based on biomass in the Norwegian market? This work evaluates techno-economics of various CHP 
solutions based on biomass in the Norwegian market. Traditional financial indicators such as financial internal rate of 
return and net present value are used to assess the solutions. The methodology includes the following sequential 
steps: estimation of the economic production costs of various options for biomass CHP for power and heat generation 
and sorting these options in ascending order of costs to present the supply curve to meet the national target. Finally, 
the analysis includes various incentive schemes, feed-in tariffs/green certificates, investment based tax exemptions (8 
years for each technology), prolonged tax exemption (+5 years for each technology), investment subsidies (in % for 
each technology) and low-interest loans (decided for each technology). Based on the evaluations, MSW backpressure 
turbine, biogas engine and industrial backpressure turbine are profitable without any subsidy under Norwegian 
framework conditions. With additional subsidy from grid deduction fee and green certificates, district heat ORC, 
district heat backpressure turbine and gasification with micro gas turbine are feasible with profitability of internal rate 
of return above 11 %. Other gasification technologies are feasible under prevailing market conditions. In addition, a 
cost supply curve is generated for 10 years framework conditions based on the planned CHP installations. 
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1. Introduction 
The biomass for bioenergy use in Norway is about 15 TWh and the Norwegian government aims at 
doubling the bioenergy use in Norway from 14 TWh in 2008 to 28 TWh in 2020 [1]. Close to half of the 
bioenergy use today is in the point heating area (mainly wood stoves and closed fireplaces) and half of the 
increase was expected to come in this area. Bioenergy use in the wood processing industry was not 
expected to increase much, and the remaining bioenergy increase was expected to come mainly in the 
district heating sector. Electricity from biomass (bioelectricity) was not a focus in the bioenergy strategy. 
Bioelectricity has been generated for a long time both in the wood processing industry (using processing 
residues), in municipal solid waste (MSW) combustion plants (the biomass originating fraction of it), in 
landfill gas plants and in anaerobic digestion plants (using agricultural, animal, human or food residues), 
while bioelectricity from ordinary biomass (e.g. wood chips) has not yet been introduced. However, 
bioelectricity from demolition wood has been produced for a few years in one plant in Norway. Hence, 
the common view on bioelectricity is that it is only feasible if the fuel comes with a gate fee (MSW), if 
the fuel is available anyway as residues (wood processing industry) or at a very low cost (demolition 
wood). However, this is expected to change as the framework conditions improve, e.g. through the 
planned introduction of green certificates for bioelectricity in the Norwegian market in 2012 [2]. 
Hence, it is important to evaluate the optimum combinations of biomass fuels, biomass conversion 
technologies and biomass CHP technologies in light of the Norwegian framework conditions, to assess 
the market possibilities for biomass CHP in Norway. Especially interesting is the small-scale 
bioelectricity segment, with the potential of making distributed solutions for heating more widespread 
available through CHP. However, typically it is the small-scale segment that is least cost-efficient, i.e. the 
economy of scale factor comes into play and many of the available small-scale technologies are less 
mature. This work is connected to the competence building project KRAV (Enabling small-scale biomass 
CHP in Norway; 2008-2012), funded by the Research Council of Norway, SINTEF Energy Research and 
five industry partners. Small-scale is defined as less than 10 MW fuel input in the KRAV project, but for 
scale effect evaluations units up to 10 MWel is included in this work. 
2. Small-scale applications 
2.1. Biomass conversion technologies 
Any bioelectricity generation demands a conversion of the biomass to something that can be directly 
used for the bioelectricity generation. Combustion, with subsequent heat transfer to a medium that can 
drive a turbine or an engine is dominating today. Steam is the most common working medium, in steam 
turbines, and to a much smaller extent in steam engines. However, also organic oil vapour can be a 
working medium, as in an Organic Rankine Cycle (ORC), and air, helium or hydrogen can be working 
mediums in a Stirling engine and air can be a medium in a hot air turbine. Producing a combustible gas 
from the biomass instead introduces several important advantages with respect to the downstream CHP 
technology choices, such as increased electricity (el) efficiencies, especially compared to steam working 
mediums in the small-scale CHP segment. The combustible gas can be produced via gasification or 
anaerobic digestion, for bioelectricity generation in gas turbines (GT), micro gas turbines (MGT), gas 
engines or fuel cells (e.g. Molten Carbonate Fuel Cell (MCFC)). In pyrolysis different fractions of bio-oil, 
gas and biochar can be produced, and all these fractions can potentially be used for bioelectricity 
generation. Biocarbon can e.g. be used in a carbon fuel cell. The maturity of the conversion technologies 
differs. Combustion is a well established and fully commercial biomass conversion technology, while 
gasification can still not be considered as fully commercial for biomass, despite intensive research and 
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demonstration programs for a number of decades. Gasification is inherently more complex than 
combustion, and biomass is a more complex fuel to handle compared to coal. Pyrolysis can also still not 
be considered fully commercial for biomass, and the aim of pyrolysis is usually not subsequent el 
generation, but bio-oil or charcoal production. Anaerobic digestion is commercially available and is 
widely used. 
2.2. Biomass CHP technologies 
Steam turbines, steam engines, gas turbines, micro gas turbines, hot air turbines, gas engines, ORC, 
Stirling engines and fuel cells are CHP technology options. Alone, most of them are commercially 
available, but in a biomass CHP system, i.e. coupled to a biomass conversion technology, they are either 
commercially available, in a demonstration phase or in a research and development phase. The most used 
(dominating) CHP system for biomass is combustion and steam turbine, while steam engine is a 
commercial alternative in the small-scale segment. Also gas engines run on gas from landfills or 
anaerobic digestion are commercially available. Gasification based CHP systems for biomass are, 
however, not fully commercially available, despite some claiming their specific system to be. This is due 
to technical/operational challenges related mainly to the gasification process and the control of this, 
reducing their reliability and availability, and high cost, due to their complexity. The commercial aspects 
of ORC, Stirling engine, hot air turbines and fuel cells are very dependent on framework conditions, and 
only ORC can be said to be commercially available, and only in a market which is strongly supporting 
bioelectricity generation (high feed-in tariffs or green certificates). 
 
3. The Norwegian market 
3.1. Biomass resources 
A realistic Norwegian biomass for bioenergy potential is about 33 TWh/yr, and includes woody 
biomass, agricultural residues, biogas and biomass originating waste fractions. The about 15 TWh 
bioenergy use today consists of about 50% wood logs/chips/pellets, 35% wood residues in industry, 10% 
MSW and 5% others (2009). The use of agricultural residues and biogas (in others) is limited, but 
increasing. Table 1 shows the Norwegian annual biomass potential of increase and its estimated costs, 
according to NVE [3]. About half of this is estimated to be available at a cost below 30 øre/kWh (1 Euro 
= 8 kr = 800 øre). About 50% of the MSW can be regarded as biomass. The use of biomass for energy 
purposes is very modest compared to Sweden and Finland, partly due to Nor
resource base, settlement pattern and different taxation policy on alternative energy carriers (fossil fuels 
and el). 
 
Table 1. The Norwegian annual biomass potential of increase. (Assembled from NVE [3]) 
 
 TWh øre/kWh Range  
 Straw 1.3 13 (10-16) 
GROT (branches and tops) 4.8 17 (15-18) 
Forest thinnings 3.2 26 (21-30) 
Biogas  Sewage sludge  0.3 15 (11-19) 
Biogas  Animal manure 2.5 37 (28-46) 
Biogas  Households waste 0.8 69 (28-110) 
Biogas  Industrial waste 1.4 78 (46-110) 
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Wood for wood logs and chips 2.5 25 (0-50) 
Wood from cultivated landscape 0.7   
Wood from clearings 0.45   
Cereal residues 0.08   
Total 18.3   
3.2. Current biomass CHP and planned 
The current biomass CHP production in Norway, for 2009, is given in Table 2. An annual power to 
heat ratio is calculated together with an annual el utilization factor and the corresponding full load hours 
per year. A total installed effect of 136 MWel equals maximum 1193 GWhel annual el production 
capacity. The mean annual power to heat ratio is 0.12 and the mean annual el utilization factor is 0.34, 
corresponding to 3019 full load hours per year. 
The planned (from 2010) biomass CHP production in Norway is given in Table 3. A total planned 
effect of 118.3 MWel equals maximum 1036 GWhel annual el production capacity. 
A relatively small increase in el production from biogas is estimated. Biogas, or the methane part of it, 
also has an alternative value as transport fuel. The amount of landfill gas will later decrease with time as 
the resource becomes more and more depleted. Bioelectricity production in connection with future carbon 
capture and storage (CCS) has been discussed as a possibility, as they also need significant amounts of 
heat. Bioelectricity production in 2nd generation biofuels plants is another future possibility. 
 
Table 2. The current biomass CHP production in Norway. Assembled from Norheim et al. [4] 
 
Biomass CHP installed 
based on fuel type 
Installed 
capacity 
(MWel) 
Power 
production 
2009 (GWhel) 
Heat 
production 
(GWhth) 
Annual 
power to 
heat ratio 
Annual 
electricity 
utilization factor 
Full load 
hours per 
year 
Wood processing residues 82 159 2262 0.07 0.22 1939 
MSW 36 167 903 0.18 0.53 4639 
Waste wood 2 15 65 0.23 0.86 7500 
Landfill gas 10 41 61 0.67 0.47 4100 
Biogas 6 29 Unknown  0.58 5044 
Total installed 136 411 3291 0.12 0.34 3019 
Note: Norske Skog plants (wood processing residues) were not in operation in 2009 due to technical problems 
 
Table 3. The planned biomass CHP production in Norway. Assembled from Norheim et al. [4] 
 
Planned biomass CHP in 
Norway 
Installed 
capacity 
(MWel) 
Power 
production 
(GWhel) 
Heat 
produc-
tion 
Annual 
power to 
heat ratio 
Annual el 
utilization 
factor 
Full load 
hours per 
year 
CHP to be 
installed 
Wood processing industry 20 120 0  0.68 6000 2010-2012 
MSW 38.3 255 405  0.76 6658 2012 
Gasification 15 100 170 0.59 0.76 6667 2013-2015 
District heating 45 270 0  0.68 600  
Total planned 118.3 745 575  0.72 6298  
Note: An additional 6 GWhel and 8 GWhth from landfill gas is estimated together with 10 to 20 GWhel from biogas 
 
 
3.3. Framework conditions for biomass CHP 
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Biomass CHP plant financials Socio-economic evaluations terms 
(e.g. NPV, IRR) 
Defines biomass CHP technologies 
Incentives 
Approach plant investor decisions based on 
financial terms (e.g. NPV, FIRR) 
RE implementation 
In Tables 2-3, no bioelectricity is generated or planned based on high quality biomass fuels, from wet 
wood chips and up. The use of GROT (branches and tops) has been considered for planned CHP plants in 
the district heating sector, but has so far not been utilized (at a fuel price of 15-18 øre/kWh). The reason is 
simple; lack of profitability. 
The current framework conditions (in 2011) for bioelectricity are: 
 The value of the produced el is controlled by the Nord Pool el price, where the level varies 
significantly through the year with a price mostly below 40 øre/kWhel but with peak prices higher 
than 50 øre/kWhel. In addition to the Nord Pool price the consumer has to pay an el grid fee, which 
varies depending on connection to a high voltage grid (2-3 øre/kWhel) or a low voltage grid (20-25 
øre/kWhel) 
 Green certificates or feed-in tariffs for bioelectricity do not exist (but a common Swedish-Norwegian 
certificate market is planned from 2012, with an expected certificate price of 25 øre/kWhel) 
 Enova (www.enova.no) supports, since 2009, the erection of bioelectricity through their New 
Technology program (with up to 50% investment support) 
 The Research Council of Norway supports fundamental research and development connected to CHP 
technologies, and other national and regional organizations are supporting industrial development 
etc. 
4. Techno-economic feasibility evaluation approach 
4.1. Effect of policy measures on different biomass CHP technologies in Norway 
Based on different incentives and available biomass resources, the model as shown in Figure 1 
evaluates the internal rate of return (IRR), net present value (NPV) and cost of generation for each 
biomass CHP technology by considering support schemes such as green certificate, grid fee deduction, 
investment based tax exemption, 8 years (for each technology), prolonged tax exemption, +5 years (for 
each technology), investment subsidy (in % for each technology), low-interest loan (decided for each 
technology). Further utilization of renewable energy in Norway induces two main questions to be 
answered: 
What biomass CHP technologies shall be implemented in order to benefit the society? 
What incentives  if any  shall be introduced in order to satisfy investors? 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Techno-economic approach 
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Thus, and in order  at the same time - to prepare for the preparation of a later Renewable Energy 
Action Plan, the methodology integrates economic assessment (socio-economic) and financial 
assessment:  
Economic assessment: based on above comments, an assessment is made on how much renewable 
power/heat can be justified from an economic (socio-economic analysis) point of view  what renewable 
technologies and to what extent?  
Financial assessment: using different kinds of incentives, an assessment is made on the level of 
financial incentives necessary from an above 
justified socio-economic amount of biomass CHP. Economic theory tells that renewable energy should be 
implemented up to the point at which the incremental economic cost of the next/additional renewable 
energy project (marginal project) exactly equals the avoided damage costs of conventional power 
production. Phrased differently, the comparison between renewable power/heat and fossil-based 
power/heat should be done on the basis of economic cost (economic production costs plus externalities). 
The economically optimum quantity of renewable power/heat is therefore the sum of all renewable 
power/heat generation whose economic costs (net present value of economic costs) are lower than the 
economic costs of fossil-fuelled baseline generation (conventional generation). Private investors will 
apply financial assessment as a basis for decisions on their investments. In the present context, traditional 
financial indicators as financial internal rate of return (FIRR) and NPV will be used in the following 
analyses. Hence, the methodology includes the following sequential steps: 
 Estimation of the economic production costs of various options for renewable energy power/heat 
generation, and sorting these options in ascending order of costs to present the supply curve for 
renewable energy. 
 Estimation of the demand and resources limitations for each technology (such as steam demand for 
cogeneration plants). 
 Within the limitations of available renewable energy resources in Norway, estimation of the technical 
potential of renewable power and preparation of the national renewable power supply curve 
(economic) using the estimated economic production costs, as well as demands and limitations for 
each single renewable energy technology. 
 Estimation of the economic justified quantity of renewable power and preparation of the economic 
supply curve. 
 Analysis of a number of financial incentive schemes to reach the year 2020 and above targets for 
renewable power (incentive track). 
Financial penetration model: It is assumed that for private investors a minimum FIRR of 11% is pre-
requisite for them to consider entering in the market. Moreover it is assumed that the level of investor 
activity is growing linearly with actual FIRR (11%). The financial investment parameter debt-equity ratio 
(70%-30%) was assumed to evaluate each renewable energy (RE) option. Assumed market interest is 7% 
and lifetime 20 years. Some of the RE technology options are competing for the same RE resources, 
thereby the overall demand for the corresponding resource may exceed the overall potential for this 
resource. Other financial key parameters included are fuel prices; prices of substituted energy (steam, 
cooling); characteristics of loans; lifetime of equipment; financial discount rate and financial cost of 
conventional power production.  
Calculation assumptions: Data input for the calculations have been collected from Norheim et al. [4], 
IEA Task 32 [5] and US EPA [6]. A calculation setup was made in Excel and the different data input was 
used to calculate the cost of power generation (NOK/kWhel). 
The following assumptions were made: 
Fuel price (øre/kWh): MSW: 0, biogas: 0; industrial wood processing residues used within the industry: 
0; dry wood chips: 23, wet wood chips: 20, demolition wood: 6(-12), bark: 3(-10). 
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Operating hours: MSW plant: 5000; Biogas plant: 5500, District heating plant: 6000, Industry plant: 
8000. Key data used in the calculations for the different CHP systems are given in Appendix A1 and A2. 
Norheim et al. [4], and for IEA Task 32 [5] and US EPA [6] data 30% has been used if applicable. The 
total efficiency is used to calculate the fuel price per kWhel produced. O&M costs for the CHP technology 
were only stated by Norheim et al. and US EPA. For IEA Task 32 data the O&M costs were assumed. 
5. Results and discussions 
Figures 2-5 depicts the techno-economic evaluation results in the form of IRR (both project and equity 
based), NPV and cost of generation for the average investments data given in Appendix 1. The results 
also compare the effect tariff structures such as 1) without any support, 2) with addition of only green 
certificate and 3) with addition of green certificate, grid fee deduction and investment support of 10 %. 
The feasibility breakeven point was based on the acceptable FIRR of 11%. Above 11% the projects are 
feasible enough to penetrate into the Norwegian market and below 11 % the projects or biomass CHP 
options are not feasible enough to penetrate for the current scenario. It is evident from Figures 2-4, that 
the MSW backpressure turbine, biogas engine and industrial backpressure turbine are profitable without 
any support to the electricity price. Only low quality fuels (processing residues) are profitable in 
industrial plants with backpressure turbine. 
 
1 Gasifier-MCFC
2 Gasifier-GT
3 Gasifier-MGT
4 Indirect gasifier-
Gas engine
5 Updraft gasifier-
Gas engine
6 Downdraft gasifier-
Gas engine
7 Staged gasifier-
Gas engine
8 District heat
backpressure
turbine
9 District heat ORC
10 Biogas engine
11 Industrial 
backpressure
turbine
12 MSW backpressure 
turbine
with addition of green certificate, grid fee deduction, investment support
with addition of only  green certificate
without any support
breakeven IRR (11%)
1 2 3 4 5 6 7 8 9
10 11
12
150 %
125 %
100 %
75 %
50 %
25 %
0 %
-25 %  
Fig. 2. Project IRR for various CHP technologies 
with addition of green certificate, grid fee deduction, 
investment support
with addition of only  green certificate
without any support
1 Gasifier-MCFC
2 Gasifier-GT
3 Gasifier-MGT
4 Indirect gasifier-
Gas engine
5 Updraft gasifier-
Gas engine
6 Downdraft gasifier-
Gas engine
7 Staged gasifier-
Gas engine
8 District heat
backpressure
turbine
9 District heat ORC
10 Biogas engine
11 Industrial 
backpressure
turbine
12 MSW backpressure 
turbine
1 2 3 4 5 6 7
8 9
10 11
12
150 %
125 %
100 %
75 %
50 %
25 %
0 %
-25 %
-50 %  
Fig. 3. IRR on equity for various CHP technologies 
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with addition of green certificate, grid fee deduction, investment 
support
with addition of only  green certificate
without any support
1 Gasifier-MCFC
2 Gasifier-GT
3 Gasifier-MGT
4 Indirect gasifier-
Gas engine
5 Updraft gasifier-
Gas engine
6 Downdraft gasifier-
Gas engine
7 Staged gasifier-
Gas engine
8 District heat
backpressure turbine
9 District heat ORC
10 Biogas engine
11 Industrial backpressure
turbine
12 MSW backpressure 
turbine
1 2 3 4 5 6 7 8 9
121110
N
PV
 (M
ill
io
n 
N
O
K)
 
Fig. 4. Net present value (NPV) for various CHP technologies 
 
Biomass CHP options such as gasifier-GT, district heat backpressure turbine and district heat ORC are 
profitable only with support of green certificate, grid fee deduction and investment subsidy. These 
projects or options are well above the market rate to penetrate with support from the government 
framework conditions. For small-scale applications, other gasification based CHP options are not cost 
effective for the Norwegian market even with support or schemes, and needs improvements in terms of 
efficiency, plant cost and operating fuel costs. Fuel cell based CHP options are most expensive and not 
feasible at current prevailing market conditions. 
 
Cost of power generation (NOK/kWh)
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Fig. 5. Cost of power generation for various CHP technologies 
cost of generation
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with addition of green certificate, grid 
fee deduction, investment support
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Fig. 6. Cost supply curve (2012- 2030) 
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Figure 5 depicts the cost of generation calculated in the form of NOK per kWhel for various biomass 
CHP options, which is based on average investment cost. It is also evident from Figure 5 that only biogas 
engine, MSW backpressure turbine and industrial backpressure turbine are competitive to penetrate into 
the Norwegian market. Figure 6 depicts the futuristic RE penetration cost supply curve. The cheapest 
biomass CHP options will be implemented first and the other CHP options will be implemented in an 
ascending order under the Norwegian framework conditions. 
6. Conclusions 
In this work techno-economic evaluations have been carried out, showing the IRR, NPV and cost of 
power generation for various small-scale biomass CHP technologies for Norwegian market penetration. 
As well, a cost supply curve is generated to implement possible CHP technologies to improve renewable 
energy power production for Norwegian conditions. 
What will the most promising small-scale CHP technologies based on biomass be in the near to 
medium term future in Norway? d CHPs in the 
near term future and maybe gasification and boiler + steam turbine or gas engine in the medium term 
future. With additional improved framework conditions: ORC in the near term future and district heat 
backpressure turbine and gasification-GT in the medium term future. 
The cost-efficiency of the CHP solutions depends on a number of factors, and investment costs and 
fuel costs are very important. Optimum plant configuration and location, utilizing all possible benefits 
and synergy effects, and with sufficient bioelectricity support, small-scale (and micro) biomass based 
CHP can have a cost-effective future in Norway. 
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Table 4(a). Key data used in the calculations for the different CHP systems 
 
 CHP options       Electrical output  Investment costs 
(kr/kWel) 
    
MWel  Conversion 
tech 
CHP tech or all Other 
From to From  to From to   
Biogas-gas engine 0.05 1     11218 4478 10% 
MSW - Backpressure turbine 0.5 10 1075 705 10102 4988 50% 
Steam turbine with steam boiler 1 10 10000 10000 6800 2800 30% 
Industry backpressure turbine 0.5 10 10000 10000 10102 4988 30% 
District heat backpressure turbine 0.5 10 10000 10000 10102 4988 30% 
District heat-ORC 0.2 3 10000 10000 16001 6400 30% 
District heat-Stirling engine 0.035 0.5     47999 24000   
District heat-Steam engine 0.15 1     25997 13000   
Steam sys. w.LT-CFB gasifier 6 40 13601 7128 12340 7483 30% 
Gas engine w.staged gasifier 0.2 1     72865 32000   
Gas engine w.downdraft gasifier 0.15 1.2     32001 28000   
Gas engine w.updraft gasifier 1 5     48000 32001   
Gas engine w.indirect gasifier 2 5.5     52000 46500   
Gas engine w.BFB gasifier 6       44800     
Gasifier+Micro gas turbine 0.1 0.25 22840 19714 8100 6600 30% 
Gasifier+Gas turbine 1 10 14984 7128 7200 3600 30% 
Gasifier+MCFC 0.25 2 19714 12619 30600 17400 30% 
A.2. Fuel cost, O&M cost for biomass CHP technologies 
Table 4(b). Key data used in evaluating different CHP options for Norway 
 
CHP options   Fuel Total eff. El. eff. h/yr Fuel and O&M cost (øre/kWel) Data 
from Fuel O&M 
From To From To   
Biogas-gas engine biogas   5500 0  15 15 [4] 
MSW - Backpressure turbine MSW   5000 0  12.1 3 [4] 
Steam turbine with steam boiler wet woodchips 80% 20% 8000 25  10 3 [5] 
Industry backpressure turbine wet woodchips 80%  8000 25  12.1 3 [4] 
Industry backpressure turbine demolition wood 80%  8000 7.5  12.1 3 [4] 
Industry backpressure turbine no cost fuel 80%  8000 0  12.1 3 [4] 
District heat backpressure turbine wet woodchips 80%  6000 25  12.1 3 [4] 
District heat-ORC wet woodchips 87% 17% 6000 22.99  14.8 6.6 [4] 
District heat-Stirling engine wet woodchips 88% 18% 6000 22.73  20.1 12.1 [5] 
District heat-Steam engine wet woodchips 80% 10% 6000 25  15.7 10 [5] 
Steam sys. w.LT-CFB gasifier bark 80% 25% 6000 3.75  8.7 3 [5] 
Gas engine w.staged gasifier wet woodchips 85% 30% 6000 23.53  14.8 10 [5] 
Gas engine w.downdraft gasifier dry woodchips 75% 25% 6000 30.67  15.7 9.4 [5] 
Gas engine w.updraft gasifier wet woodchips 80% 23% 6000 25  10 5.1 [5] 
Gas engine w.indirect gasifier wet woodchips 80% 25% 6000 25  7.9 4.8 [5] 
Gas engine w.BFB gasifier dry woodchips 75% 28% 6000 30.67  4.5  [5] 
Gasifier+Micro gas turbine wet woodchips 62 % 
-59% 
25.2%- 
28.8% 
6000 32.26 33.9 9 7.2 [6] 
Gasifier+Gas turbine wet woodchips 68% 
-73% 
21.9%- 
31.2% 
6000 29.41 27.4 6 3.6 [6] 
Gasifier+MCFC wet woodchips 65 % 
-70% 
43%- 
46% 
6000 30.77 28.6 25.8 19.8 [6] 
 
